Gaucher disease is a lysosomal storage disorder caused by deficiency in lysosomal acid ␤-glucosidase (GlcCerase), the enzyme responsible for the catabolism of glucosylceramide. One of the most prevalent disease-causing mutations, N370S, results in an enzyme with lower catalytic activity and impaired exit from the endoplasmic reticulum. Here, we report that the iminosugar isofagomine (IFG), an active-site inhibitor, increases GlcCerase activity 3.0 ؎ 0.6-fold in N370S fibroblasts by several mechanisms. A major effect of IFG is to facilitate the folding and transport of newly synthesized GlcCerase in the endoplasmic reticulum, thereby increasing the lysosomal pool of the enzyme. In addition, N370S GlcCerase synthesized in the presence of IFG exhibits a shift in pH optimum from 6.4 to 5.2 and altered sensitivity to SDS. Although IFG fully inhibits GlcCerase in the lysosome in an in situ assay, washout of the drug leads to partial recovery of GlcCerase activity within 4 h and full recovery by 24 h. These findings provide support for the possible use of active-site inhibitors in the treatment of some forms of Gaucher disease.
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lysosome ͉ pharmacological chaperone ͉ lysosomal storage disease G aucher disease is a lysosomal storage disorder caused by mutations in acid ␤-glucosidase (GlcCerase; EC 3.2.1.45), the enzyme responsible for the catabolism of glucosylceramide to ceramide and glucose (1, 2) . Deficiency of GlcCerase activity results in the progressive accumulation of glucosylceramide, primarily within macrophages, and it ultimately leads to clinical manifestations of anemia, hepatosplenomegaly, bone lesions, and, in more severe cases, central nervous system impairment (3) . The disease is classified clinically into three types based on the age of onset and the degree of neurological involvement. Type 1 Gaucher disease is characterized by adult onset and the absence of neurological symptoms, whereas patients with type 2 or 3 disease experience juvenile or infantile onset and exhibit mild to severe neurological impairment.
Although Ͼ200 different mutations in GlcCerase have been reported, the N370S and L444P missense mutations represent the most prevalent ones in the Western hemisphere, with the former found in 70% of Ashkenazi Jews with the disease (3) (4) (5) (6) . The N370S mutation is associated with type 1 disease, and it results in an enzyme with lower catalytic activity (3-16% of wild type) and impaired exit from the endoplasmic reticulum (ER) (7) (8) (9) .
Currently, enzyme-replacement therapy (ERT) and substratereduction therapy are the only approved treatment options for patients with Gaucher disease (3) . ERT improves the visceral and hematologic manifestations of the disease, but it is costly and not effective in neuronopathic forms of Gaucher disease because of the inability of recombinant enzymes to cross the blood-brain barrier (10) . Miglustat (N-butyldeoxynojirimycin), an iminosugar inhibitor of glucosylceramide synthase, also produces clinical improvement in selected patients with mild or moderate disease, but the responses are slower and less robust than those observed with ERT (11) (12) (13) (14) . Its administration is associated with significant side effects, although they tend to be transient (11) . The application of gene therapy for Gaucher disease is still in its initial stages of development (3). Thus, a need exists for the generation of alternative therapeutic options.
The observation that many lysosomal enzyme variants, including the GlcCerase variant N370S, exhibit impaired biosynthesis but retain substantial catalytic activity has prompted the hypothesis that small-molecule active-site inhibitors might facilitate proper folding and trafficking of these lysosomal enzymes, thus increasing their activity in cells to a level sufficient to avoid or alleviate disease. The ability of several glucose and galactose analogs to increase the activity of the defective enzymes in Gaucher and Fabry disease cells, respectively, has been recently demonstrated by several groups (15) (16) (17) (18) (19) (20) . Although the increased enzyme activity is believed to result from improved folding and trafficking of the mutant enzymes, insight into the actual mechanisms whereby these small molecules exert their action is limited. In this study, we have examined the effect of the iminosugar isofagomine (IFG) on the synthesis, stability, and catalytic properties of the GlcCerase mutant N370S. We present evidence that IFG increases GlcCerase activity by several mechanisms.
Results

GlcCerase Activity in N370S Fibroblasts Is Enhanced by IFG Treatment.
In our initial experiments, 20 iminosugar derivatives were incubated with patient fibroblasts for 3-5 days followed by assays of cell lysates for GlcCerase activity. Five of the compounds gave an Ϸ2-fold increase in GlcCerase activity, and they were further profiled. All were potent inhibitors of GlcCerase. The compound IFG (Fig. 1A) was chosen as the lead compound based on its high solubility in water; its oral availability and wide tissue distribution, including the brain, in mice; and its lack of acute toxicity in mice at high doses (data not shown). The effect of 10-100 M IFG on GlcCerase activity in N370S fibroblasts is summarized in Table 1 . After 3 days of treatment with 30 or 100 M IFG, GlcCerase activity was 2.2-to 2.4-fold higher compared with untreated cells. IFG treatment for 5 days led to an even greater enhancement (2.4-to 3.0-fold) over the untreated level. Optimal enhancement was observed at IFG concentrations of 30 M. Interestingly, GlcCerase activity was also enhanced in normal fibroblasts but to a much lesser extent (1.3 Ϯ 0.3-fold) after treatment with 30 M IFG for 5 days (Table 1) .
IFG Inhibits GlcCerase at Neutral and Acidic pH. We next sought to understand the mechanisms whereby IFG treatment results in increased GlcCerase activity. As an active-site inhibitor, IFG could exert its effects in the ER (by assisting folding) and͞or the lysosome (by stabilizing the enzyme at acidic pH). To act in these compartments, IFG must be able to interact with GlcCerase at both neutral and acidic pH. As summarized in Table 2 , IFG strongly inhibits wild-type and N370S GlcCerase at both neutral and acidic pH with IC 50 values in the nanomolar range. The N370S enzyme was 3-to 4-fold less sensitive to the inhibitor compared with the wild-type enzyme. Both enzymes were Ϸ6-fold more sensitive to IFG at pH 7.2 than at pH 5.2.
IFG Facilitates the Folding and Transport of Newly Synthesized Glc-
Cerase Out of the ER. Studies of the biosynthesis of the N370S GlcCerase have revealed that it exits the ER more slowly and less efficiently than the wild-type enzyme (9, 21 Fig.  1B . At 0-h chase time, equal amounts of a 64-kDa species were present in untreated and treated cells. This species was completely converted to a 57-kDa form by endoglycosidase H, establishing that its N-linked glycans are all of the high-mannose type (data not shown). Subsequently, the 64-kDa form was processed to an endoglycosidase H-resistant, 69-kDa species, indicating that it had been transported to the Golgi, where the N-linked glycans were processed to complex-type oligosaccharides. By 24 h, the 64-kDa species was no longer detectable; and, between 24 and 72 h, the 69-kDa form was gradually converted to a 59-kDa form. This conversion has been reported to be caused by the trimming of N-linked glycans in the lysosome (22) .
The presence of IFG had two striking effects. It enhanced the amount of N370S GlcCerase that is transported out of the ER (compare the 9-h lanes), and it slowed the conversion of the 69-kDa species to the 59-kDa form (compare the 72-h lanes). Quantitative assessment of several pulse-chase experiments showed that, on average, Ϸ60% of the newly synthesized GlcCerase in the untreated N370S fibroblasts was degraded in the first 24 h of the chase, presumably in the ER. When IFG was present, the degradation decreased, with 70-100% of the newly synthesized enzyme trafficking to the lysosome. The GlcCerase that reached the lysosome was stable for at least 72 h, regardless of the presence or absence of the drug.
To assess the effects of IFG on the lysosomal stability of mutant enzyme synthesized in the absence of the compound, N370S fibroblasts were pulse-labeled and chased for 12 or 36 h before the addition of IFG. The cells were then chased for an additional 60 or 36 h, respectively, and the amount of GlcCerase was compared with an equivalent sample in which the drug was omitted. A representative autoradiograph is shown in Fig. 1C . Lane 3 shows that by 12-h chase, the majority of the newly synthesized N370S GlcCerase remaining at this time had been transported out of the ER. Quantitative analysis of this experiment revealed that the addition of IFG to the culture medium at 12 or 36 h of the chase did not appreciably affect the level of GlcCerase, consistent with the previous experiments showing that the mutant enzyme that exits the ER is stable for at least 72 h. However, the addition of IFG decreased the conversion of the 69-kDa form of the enzyme to the 59-kDa form (compare lane 4 with lanes 5-7). Treatment of the 0-and 72-h chase samples with PNGase F, which cleaves all forms of N-linked GlcCerase activity was measured in fibroblast lysates after treatment with IFG for 3 or 5 days. The GlcCerase activity of untreated N370S fibroblasts was 2.8 Ϯ 0.5% of that measured in wild-type fibroblasts. Data shown are the mean Ϯ SD of at least three experiments. * , P Ͻ 0.01 for all values. glycans, produced a single polypeptide with an apparent molecular mass of 57 kDa, demonstrating that no substantial proteolytic cleavage had occurred during the 72-h chase period (compare lanes 2 and 8) and confirming that the processing only involves oligosaccharide trimming.
IFG Increases the Lysosomal Pool of GlcCerase.
To prove that the GlcCerase made in the presence of IFG was in fact trafficking to lysosomes, we performed Percoll gradient fractionation on control and N370S fibroblast lysates after treatment for 5 days with 100 M IFG. This procedure separates dense lysosomes from other organelles (23) . As shown in Fig. 2A , the majority (67%) of lysosomal ␤-N-acetylhexosaminidase activity was recovered at the bottom of the gradient. The fractions were combined into three pools: pool I (fractions 1-3), containing the dense lysosomes; pool II (fractions 4-6), containing endosomes, Golgi complex, and plasma membrane; and pool III (fractions 7-9), containing soluble proteins.
The distribution of GlcCerase, the early endosomal marker EEA1, and the Golgi SNAP protein receptor GS27 was determined by subjecting aliquots of the Percoll gradient pools to SDS͞PAGE followed by Western blotting (Fig. 2B) . As shown, GlcCerase had a distribution in all samples similar to that of the ␤-N-acetylhexosaminidase, with the majority being recovered in pool I. The lack of endosomal and Golgi markers in pool I confirms the fidelity of the Percoll fractionation. These data clearly demonstrate that the increased GlcCerase in IFG-treated N370S cells is in fact lysosomal. Furthermore, the increased GlcCerase signal in the Western blot of the IFG-treated N370S sample provides additional confirmation that this compound increases the amount of GlcCerase protein present in N370S fibroblasts.
The Relative Specific Activity of N370S GlcCerase Is Increased by IFG Treatment. Because IFG facilitates N370S GlcCerase trafficking to the lysosome, presumably through improving its folding, we considered the possibility that the compound might also alter the catalytic properties of the enzyme. To explore this possibility, we treated N370S fibroblasts with 30 M IFG for 5 days, and then we measured GlcCerase protein levels by Western blotting along with enzyme activity (Fig. 3) , which allowed us to calculate a ''relative'' specific activity. Western blot analysis of GlcCerase revealed three distinct forms of the enzyme previously observed by others ( Fig. 3A; refs. 24 and 25). Importantly, quantitation of the Western blots revealed a 2.3 Ϯ 0.3-fold increase in GlcCerase protein levels in the IFG-treated N370S cells vs. a 3.0 Ϯ 0.6-fold increase in enzyme activity (P Ͻ 0.01, n ϭ 8). This increase corresponds to a 30% increase in the relative specific activity of GlcCerase. It is also noteworthy that the 5 days of treatment with 30 M IFG resulted in the level of N370S protein attaining 79 Ϯ 3% of the value measured in wild-type cells (Fig. 3B) . These findings indicate that the enhanced GlcCerase activity in IFGtreated N370S fibroblasts can be attributed to both higher levels of GlcCerase and an increase in the relative specific activity of the enzyme. In contrast, the compound did not enhance the relative specific activity of wild-type GlcCerase because both enzyme levels and activity increased by 1.3-fold in fibroblasts treated for 5 days with 30 M IFG.
The GlcCerase activity measurements shown in Fig. 3 were performed at pH 5.2, the typical pH used in assays of this enzyme (22) . When we assayed the wild-type and N370S GlcCerase at pH 5.2, 6.4, and 7.2, we found that the wild-type enzyme was most active at pH 5.2 (Fig. 4) . By contrast, the N370S enzyme had its peak activity at pH 6.4. Remarkably, the pH-dependent activity of N370S GlcCerase from fibroblasts treated for 5 days with 30 Lysates were prepared, and equivalent protein aliquots were subjected to SDS͞PAGE and Western blot analysis (see Methods). GlcCerase levels were obtained by densitometry analysis, and the mean amount of GlcCerase Ϯ SD is plotted relative to wild-type levels (n ϭ 8). (C) GlcCerase activity in lysates from treated and untreated N370S fibroblasts was measured in triplicate. The mean activity Ϯ SD is plotted relative to the GlcCerase activity in wild-type cells (n ϭ 8). Activity measurements were normalized to total protein. M IFG was shifted toward normal, with the peak activity being restored to pH 5.2. This increase in activity at pH 5.2 can account for the increase in the relative specific activity of the N370S enzyme noted in Fig. 3 .
IFG-Treated N370S GlcCerase Exhibits Altered Sensitivity to SDS.
We next sought to determine whether additional properties of the enzyme were changed. To explore whether N370S GlcCerase synthesized in the presence of IFG had an altered response to the ionic detergent SDS, cell lysates at pH 5.2 or 6.4 were incubated with 1.0 mM SDS before determination of enzyme activity (Table 3) . This treatment caused a small decrease in the activity of the wild-type enzyme at both pH 5.2 and 6.4. The activity of N370S GlcCerase from untreated cells was decreased by 64% in the presence of SDS at pH 5.2, but it was stimulated nearly 3-fold at pH 6.4. By contrast, the N370S GlcCerase from IFG-treated cells was more inhibited by the SDS at pH 5.2 and less stimulated at pH 6.4, revealing another change in the behavior of the enzyme.
GlcCerase Activity Is Inhibited in Lysosomes but Recovers Rapidly
After Drug Washout. Because IFG inhibits GlcCerase in in vitro assays performed at the acidic pH of the lysosome, we examined whether the drug inhibits the activity of the enzyme in this compartment by performing in situ activity assays. Fibroblasts were incubated with 5-(pentafluorobenzoylamino)fluorescein di-␤-D-glucopyranoside (PFB-FDGlu), a fluorogenic substrate that is internalized by pinocytosis and delivered to the lysosomes, where it can be hydrolyzed by GlcCerase (26) . As shown in Fig.  5 , either 30 or 100 M IFG fully inhibits in situ GlcCerase activity. After washout of the drug, GlcCerase activity recovered to almost 50% of untreated levels by 4 h, and it recovered completely by 24 h. These data suggest that although IFG inhibits GlcCerase activity, rapid recovery occurs after removal of the IFG.
Discussion
It has been previously reported that the iminosugar Nnonyldeoxynojirimycin and related derivatives increase the activity of the N370S GlcCerase Ϸ2-fold when added for 5 days to cultures of fibroblasts expressing this mutant enzyme (15, 16) . Because these compounds are active-site inhibitors of GlcCerase, the authors speculated that they might be acting as pharmacological chaperones to assist the folding of the mutant enzyme in the ER, thereby avoiding degradation by the ERassociated quality-control system and enhancing transport out of the ER to the Golgi and lysosome. This postulate is consistent with the prior demonstration by others that the trafficking of newly synthesized N370S GlcCerase from the ER to the Golgi is impaired (9, 21) . However, the studies of Sawkar and colleagues (15, 16) did not directly address the mechanism(s) whereby the iminosugars enhance the cellular activity of N370S GlcCerase. Our findings provide evidence that the iminosugar IFG acts as a pharmacological chaperone to assist the folding of the N370S GlcCerase into a form that avoids degradation in the ER and is efficiently transported to the lysosome. Further, and unexpectedly, the N370S GlcCerase synthesized in the presence of IFG exhibits altered kinetic properties. The pulse-chase experiments showed that IFG greatly increased the amount of newly synthesized GlcCerase that traffics out of the ER. This increase is likely the result of a direct pharmacological chaperone effect because we found that IFG interacts with GlcCerase at the neutral pH of the ER lumen. The enhanced transport of the N370S GlcCerase from the ER accounts for much of the effect of IFG on the total level of GlcCerase. A second but related mechanism whereby IFG increases the total activity of N370S in fibroblasts is by facilitating the synthesis of enzyme with altered catalytic properties Cell lysates from wild-type (WT), N370S, and IFG-treated N370S fibroblasts were incubated with or without 1.0 mM SDS at room temperature for 30 min before measurement of GlcCerase activity. Results are presented as SDS͞ control. Separate cell lysates were prepared for experiments at either pH 5.2 or pH 6.4. * , P Ͻ 0.05 (n ϭ 4); †, P ϭ 0.001 (n ϭ 5). that result in enhanced activity at lower pH values. Thus, the relative specific activity of the N370S GlcCerase from IFGtreated cells is increased 30% when assayed at pH 5.2. This increase can be accounted for by a shift of the pH optimum from 6.4 to 5.2. In addition, the N370S GlcCerase from IFG-treated cells exhibited an altered response to SDS. These differences in the properties of the mutant enzyme could arise by several mechanisms. First, IFG binding to the active site of the enzyme during the folding process in the ER could result in the mutant protein achieving a final conformation that differs from what occurs in the absence of the chaperone. This altered conformation could affect the properties of the enzyme. Because both the shift in pH optimum and the sensitivity to SDS were measured in the absence of IFG, the altered conformation would have to be stable. Alternatively, the binding of IFG to the mutant GlcCerase could favor some type of chemical modification, either in the ER or in the lysosome, which, in turn, influences the properties of the enzyme.
An additional effect of IFG is to slow the conversion of the 69-kDa form of GlcCerase to the 59-kDa species that occurs in the lysosome. This shift in molecular mass results from the trimming of sugars from complex-type glycans present on the mature GlcCerase rather than arising from proteolysis ( Fig. 3; refs. 21 and 22) . The basis for the protective effect of IFG is not clear because the drug does not inhibit neuraminidase, ␤-galactosidase, or ␤-N-acetylhexosaminidase in in vitro assays (data not shown). These glycosidases are the most likely to mediate the trimming of the glycans. IFG binding to GlcCerase in the lysosome may induce a conformational change in the protein that makes its complex-type glycans less accessible to lysosomal glycosidases, or it may alter the interaction of GlcCerase with another protein (such as its activator, saposin C), thereby slowing the processing of the glycans. In addition, it is not clear whether the glycan trimming makes the protein more susceptible to turnover in the lysosome. Because the survival of the GlcCerase that reaches the lysosome is quite long, even in the absence of IFG, it is difficult to measure the t1 ͞2 of the enzyme accurately. Therefore, we cannot exclude the possibility that IFG also prolongs the survival of the enzyme in the lysosome.
It has been reported that GlcCerase activity can be as low as 11-15% of normal before storage of substrate occurs in a cell-culture model of Gaucher disease (27) . In patients receiving Cerezyme infusions with clinical improvement in their blood counts and lessening of bone crisis, the increase of GlcCerase activity in the bone marrow may only be 1.7-to 9.6-fold (28) . These findings indicate that the 2.4-to 3.0-fold increase in GlcCerase activity observed with IFG treatment may have clinical benefit.
One caveat is that IFG is an inhibitor of GlcCerase in the lysosome, at least under the conditions of our fibroblast assays. Therefore, to be an effective therapeutic agent, this inhibitory effect must be reversible. Using an in situ assay of GlcCerase activity, we found that the inhibition caused by both 30 M and 100 M IFG was relieved by almost 50% within 4 h of removal of the drug from the medium, and it was completely reversed by 24 h. Because the increased GlcCerase activity induced by IFG persists for much longer than 24 h, it should be possible to achieve a net gain in enzyme activity by intermittent dosing of the iminosugar.
It is also of note that it requires three orders of magnitude higher concentrations of IFG to increase the GlcCerase activity in cells compared with the amount needed to inhibit GlcCerase in the in vitro assays (10-100 M vs. 5-100 nM). The most likely explanation for this difference is that IFG is transported into the ER and the lysosome very inefficiently. Nevertheless, it should be possible to achieve the low-micromolar concentrations in plasma that will be required to enhance GlcCerase activity.
Of the Ϸ200 disease-causing mutations in GlcCerase, many still retain some residual activity (8) . Therefore, it will be important to determine whether IFG functions as a pharmacological chaperone for these other variants. It has been shown that an alkylated derivative of IFG enhances the activity of the G202R mutant that is retained in the ER (16, 29) . By contrast, the L444P mutant was unresponsive to this iminosugar.
Pharmacological chaperones have been reported to improve the impaired trafficking of two other lysosomal enzymes. Several groups have shown that 1-deoxygalactonojirimycin corrects the trafficking defect in six mutants of ␣-galactosidase A, the enzyme that is deficient in Fabry disease (17, 18, 30) . This pharmacological chaperone binds to the active site of the enzyme at the neutral pH of the ER to assist folding and enhance transport out of this organelle, but it dissociates in the low-pH environment of the lysosome. The 1-deoxygalactonojirimycin was also shown to restore enzyme activity in the tissues of a transgenic mouse expressing one of the mutant enzymes (30) . This same compound, as well as another galactose derivative, N-octyl-4-epi-␤-valienamine, restored the activity of several mutant lysosomal ␤-galactosidases that have been associated with G M1 -gangliosidosis and Morquio B disease (31) .
In summary, these findings provide greater insight into the mechanism of action of pharmacological chaperones, and they raise the possibility that such agents may be useful in the treatment of some forms of Gaucher disease. Cell Lines and Culture. Wild-type primary skin fibroblasts (CRL-1509) and fibroblasts from a patient homozygous for the N370S mutation (DMN89.15) were obtained from the American Type Culture Collection (Manassas, VA) and the National Institutes of Health (Bethesda, MD), respectively. Cells were maintained at 37°C in DMEM (Mediatech, Herndon, VA) supplemented with 10% FBS (Sigma) and 100 units of penicillin per 0.1 mg of streptomycin per ml. New cultures were initiated every 6 weeks to avoid any changes associated with cell senescence.
Methods
Enzyme-Activity Measurements. Cells were plated in 12-well plates and treated with IFG for various times, and GlcCerase activity was measured in cell lysates as follows. Intact cell monolayers were washed several times with PBS followed by incubation with 1.5 ml of complete medium (twice for 15 min at 37°C) before lysate preparation. Cells were lysed by the addition of 150 l of reaction buffer (0.1 M sodium citrate͞0.2 M sodium phosphate͞ 0.1% Triton X-100͞0.25% sodium taurocholate, pH 5.2) to the wells followed by circular agitation with a plastic cell scraper. In some cases, the reaction buffer was adjusted to pH 6.4 or pH 7.2. Lysates were cleared by centrifugation, and protein content was determined by using the micro BCA protein assay kit (Pierce, Rockford, IL). Reactions containing equivalent amounts of total cell protein were initiated by the addition of substrate (3 mM 4-methylumbelliferyl ␤-D-glucoside), and they were quenched with 1 ml of 400 mM glycine buffer (pH 10.8). The fluorescent product generated was measured (excitation, 360 nm; emission, 450 nm) with a model 450 fluorometer (Turner, Sunnyvale, CA). In all cases, GlcCerase activity increased in a linear fashion proportional with lysate volume, confirming that residual drug was not inhibiting GlcCerase activity under these assay conditions. Parallel samples were treated with CBE, a specific covalent inhibitor of GlcCerase, before reaction initiation to assess the contribution of nonlysosomal ␤-glucosidase. This activity was typically observed to constitute 5% or less of the total activity measured. For the inhibition studies, various concentrations of IFG were added to cell lysates for 10 min before reaction initiation.
For experiments assessing the altered sensitivity to SDS, the detergent was added to aliquots of treated and untreated cell lysates to a final concentration of 1.0 mM. These lysates were incubated for 30 min at room temperature followed by determination of GlcCerase activity as described above.
In situ GlcCerase activity was measured by using the fluorogenic substrate PFB-FDGlu (Invitrogen, Carlsbad, CA). Cells plated in 48-well format (5 ϫ 10 4 cells per well) were treated for 5 days with 30 or 100 M IFG. On day 5, cells were assayed for in situ activity immediately (time 0), or they were washed three times with PBS (5 min per wash) and then incubated with DMEM with 10% FBS at 37°C until they were assayed 4-48 h later. Briefly, cells were labeled with PFB-FDGlu (50 g͞ml) in phenol red-free, serum-free DMEM with 25 mM Hepes for 2 h at 37°C, washed once with ice-cold PBS, and then lysed with 50% CelLytic (Sigma) plus 0.2 M glycine͞NaOH. Lysates were transferred to 96-well black-walled, clear-bottom plates and measured for PFB-F fluorescence (excitation, 485 nm; emission, 535 nm). Activity in treated cells was averaged and normalized against activity from untreated cells at the same time point. The data were fitted with exponential functions to estimate time constants for IFG washout.
Determination of GlcCerase Protein Levels. Cell lysates (10 g of total protein) were subjected to SDS͞10% PAGE, transferred to nitrocellulose membranes, and immunoblotted with an anti-human GlcCerase rabbit polyclonal antibody (1:1,000 dilution). GlcCerase levels on subsaturated films were quantitated by using densitometry with an Image Station 440 CF (Kodak, Rochester, NY).
Metabolic Labeling and Immunoprecipitation. Confluent fibroblasts were cultured in 60-mm plates with or without IFG for 5 days before labeling with 750 Ci (1 Ci ϭ 37 GBq) of [
35 S]methionine͞[ 35 S]cysteine for 1 h. After labeling, the medium was replaced with normal methionine-containing growth medium, and the cells were incubated for various chase times. After brief trypsinization, the cells were collected in PBS and pelleted. Lysates were prepared with lysis buffer (50 mM Tris, pH 8.0͞50 mM NaCl͞0.5% Triton X-100͞0.5% sodium deoxycholate͞ protease inhibitor mixture), and GlcCerase was immunoprecipitated by overnight incubation with the GlcCerase-specific monoclonal antibody 8E4. After the addition of protein A-Sepharose for 1 h, beads were washed three times with wash buffer (50 mM Tris, pH 8.0͞150 mM NaCl͞0.5% Triton X-100͞0.5% sodium deoxycholate͞protease inhibitor mixture) and once with 100 mM Tris (pH 8.0). In some experiments, immunoprecipitates were divided into two equal aliquots and treated or not with 1 unit of PNGase F for 3 h at 37°C before SDS͞PAGE and autoradiography.
Percoll Gradient Fractionation. Confluent cells grown in 6-cm plates were incubated in the presence or absence of 100 M IFG for 5 days. The cells were harvested and analyzed as described in ref. 23. This work was supported by National Institutes of Health Grant CA08759 (to S.A.K.) and by Amicus Therapeutics.
